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RESEARCH MEMORANDUM

FORCE AND PRESSURE-DISTRIBUTION MEASUREMENTS AT A MACH
NUMBER OF 3.12 OF SLENDER BODIES HAVING CIRCULAR,
ELTLTPTTICAL, AND TRIANGULAR CROSS SECTIONS
AND THE SAME LONGITUDINAL DISTRIBUTION
OF CROSS-SECTIONAT: AREA

By Roy H. Lange and Charles E. Wittliff
SUMMARY

An investigation- haé been conducted at a Mach number of 3.12 and at

a Reynolds number of 29 X lO (based on body length) to determine the
aerodynamic characteristics of bodies with elliptical and triangular cross
sections and to compare these date with those of & related body having
cilrcular cross sections. The body having circular cross sections is the
NACA RM-10 and the bodies with noncircular cross sections have the same
longitudinal distribution of cross-sectional areas as the NACA RM-10.

Force tests to determine 1ift, drag, and pitching-moment charscteristics
as well as pressure-distribution megsurements were made for an angle-of-
attack range of 18°.

INTRODUCTION

The theoretical work of Ferri, Ness, and Keplita indicates that some
reductions in drag at zero angle of attack can be obtained at supersonic
speeds by the use of bodies having cross sections different from cirecular
(ref. 1). At the present time, however, there are few systemstic dats
avalleble at supersonlc speeds on the characteristics of related bodies
with noncirculesr cross sections. (See refs. 2 to 4.) Therefore, the
present investigatlion was undertaken on bodiles with elliptical and tri-
angular cross sechtlons in order to compsre the charscteristics of these
bodies with those of a body having circular cross sections. The body
having the circular cross sections is the NACA RM-10 (without fins); the
noncircular bodles have the same longitudinal distribution of cross-
sectional area as that of the NACA RM-10.
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The Investigatlion was conducted in a blowdown Jet located at the
Langley gas dynamics laboratory et a Mach number of 3.12 and & Reynolds

number of 29 X 106; hence, the data for the NACA RM-10 are extended to

a higher Mach number than those obtained in references 5 to 7 while
maintaining the seme value of Reynolds number. Both force tests and
pressure-distributlion measurements were made on the bodles for a2 nominsl
angle-of-attack range of t8°. The 1ift, drag, pitching-moment, end
pressure-distribution charascteristlcs of the bodies are presented herein
with & minimum of anslysis in order to expedite release of this informstion.

SYMBOLS
Free-stream conditions:
o) - mass denslty of air
v alrspeed -
a speed of sound in air ,
M Mach number, V/a
q dynemic pressure, % pV2
i} static pressure
v viscosity of air : -
R Reynolds number, QEE
Body geometry:
S cross-~-sectional ares
L length of body i
X distence from nose of body measured along axls of symmetry
¥ lateral coordinate, perpendicular to plane of symmetry
b width of body

r radius of NACA RM-10 body
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£,g,b,w cross-sectional dimensions of trianguler body (see fig. 2)
d semiminor axis of elliptical body
a semima jor axls of elliptical body
K geometric parameter
S
c cross-sectional-area paraemeter of triangular body, mfx
a angle of attack of body center line, deg
6 radlal angle measured counterclockwise in plene perpendiculsr

to axis of body when facing upstream (6 = 0° on bottom of
body in plane of angle of attack)

Force data:
Cy, 1ift coefficlent, Lift
dSmax

C normal-force coefficient, Jormal force
N ’ Smex
Cm pitching-moment coefficlent about nose of body,

Pitching moment

e xl
Cp forebody drag coefficient, D_r;_,g__
nex

L 1ift-drag ratio
Cp
CLCL rete of change of 1ift coefficlent with angle of attack, per

degree
Pressure data:
jo) local statlc pressure

1
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1
Cn gection normal-force coefficient, \jp P}d(ggj
0
P resultant pressure coefficient, 'Plower - Pupper
2L x
Cyy normel-force coefficient, ——— cpK d A where X is
\/“Smax o .
as follows:
Body X
NACA RM-10 *[Trax
Triangular w/C
Elliptical (major axils vertical) d/ /’;n: Ao
Elliptical (major axis horizontal) a/,/amax Amax
Subscripts:
max maximum
N nominal or uncorrected
MODELS - -

The geomebric characteristics of the three bodlies tested are given
in figures 1 and 2 and photographs of the bodies used 1in the pressure-
distribution tests are given asg figure 3. The body with the circular
cross section is the NACA RM-10 with coordinates given by the equation
in figure 1(a). The bodies with the elliptical and triangulsr cross
sections have the same longitudinal distribution of cross-sectional area
as that of the NACA RM-1C. For the body with the elllptical cross sectionm,
the major axis 1s twice the minor axis. —- - —
Two sets of steel models were used - one set for the pressure-
distribution tests and one set for the force tests. The body with tri-
sngular cross sections used in the force tests was made 15 percent larger
than the dimensions given in figures 1 and 2 in order to accommodate the
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sting-supported internally mounted electrical strain-gage balance used
in the force tests. For the pressure-distribution tests the bodies had
0.020-1nch-diameter flush-surface static-pressure orifices arranged iIn
sectionwise rows located 2, 4, 6, 8, 10, 12, and 14 inches from the body
nose. The radial locations of the orifices, which are the same for all
longitudinel stations, are indicated on the cross-sectlonal views of
figure 2. .

A1l models were sting supported. As shown in figure 3, the portion
of the body rearward of the base (14.65-inch station) for each body used
In the pressure-distributlion tests was failred Into a sting 1.5 inches
long of constent area and with a cross-sectional shape the same as that
of the body itself. For the body wlth the elliptical cross sections used
in the presssure-distribution tests, a thin plate with wedge-shaped leading
edges was required for strength at the model base., This plate eliminated
the orifices at the lh-inch longitudinal statlon. No such plate was
required for the body used In the force tests. The sting dimensions for
the bodles are as follows:

2oty Chuzestentatic
NACA RM-10 (pressure) Diameter, 0.727
Triangular (pressure) gg;:i ;ii;i%’oéTﬁgo
Elliptical (pressure) Major axls, 1.005
NACA RM-10 (force) Diameter, 0.576
Trisnguler (force) Total width, 0.645

Total height, 0.685

Elliptical (force) Major axis, 0.875

For the force models, four static-pressure orifices spaced 90° apart are
provided on each sting at the 14.65-Inch station for the measurement of
the base pressure.
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APPARATUS AND TESTS

The tests were conducted in a blowdown Jjet at the Langley gas dynamics
laboratory having a two-dimensional nozzle with e rectenguler test section
approximately 9.5 Inches high and 9 inches wide. The nozzle was designed
by the method of characteristics with a correction made for boundary lsyer
and operates at an average Mach number of 3.12. All the tests were made
at a settling-chamber pressure of 150 pounds per square inch gage and at
a stagnation dewpoint which eliminated any effect of condensation. The

Reynolds number of the tests was approximately 23.7 X lO6 per foot.

A1l tests were made through an angle-~of-attack range from about -80
to 8° in increments of 2°, For the force tests, measurements were made
at each angle of attack of the normal force, chord force, and pitching
moment by means of a sting-supported electrical strain-gage balance
internally mounted in the bodles. For the pressure-distribution tests,
the surface static pressures were measured by means of a multiple-tube
manometer and photographically recorded. The angles of attack were deter-
mined from schlieren photographs teken of the model for each test point.
The angles of attack determined in thils menner are accurate to within 0.10°.

For the pressure-dilstribution tests, the body with elliptical cross
sections was tested through the angle-of-sttack range both with the maJjor
axls vertical and with the major axls horizontal. For the force tests of
the body with elliptical cross sections, the height of the three-component
strain-gage balance was such that it could only be internally mounted in
the body when alined with the major axis; hence, force tests could only be
made of the body with the major exls vertical.

The base pressures meesured were used to calculate the chord force
acting at the base of the bodles, and the chord forces measured by the
strain-gage balence were corrected %o the condition of free-stream static
pressure acting at the base of the bodies.

PRESENTATION OF RESULTS

The results of the investigation are given in figures 4 to 16 and
in tables I to IV. The force measurements of each body are given as plots
of Cr, Cp, Cp, and Cp/Cp against angle of attack in figures 4 to 6.
A summary plot of Cp, Cr/Cp, emd o ageinst Cr is given in figure 7
for four body configurations for comparison purposes.

The date obtalned from the pressure-distributlon tests are presented
in tebles I, II, III, and IV for the NACA RM-10, the body with trisngular
cross sections, the body with elliptical cross sections and mejor axis

3
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vertical, and the body with elliptical cross sections and major axis
horizontal, respectively. Nominal angles of atbtack oy are used in the

plots of the pressure-distribution data for convenience since the corrected
angles of attack at each attitude are different for each body. These
corrected angles of attack are glven in tables I to IV.

The variation of pressure coefflclent P with longitudlnal position
along the body x/L for the bodies with circular asnd elliptical cross
sections 1s glven in figure 8 for oy = 0° and 6 = O° and 180°, and
the effects of angle of attack are shown In figures 9 to 11l. The pressure
coefficients calculated by slender-body theory (see refs. 5 and 8) are
superimposed on the experimental data of figure 8 at ay = 0°; whereas,
in figures 9 to 11, the calculated pressure coefficlents for only the
NACA RM-10 body are shown for comparlson with the experimental data of
the four bodies at angles of attack.

The variation of pressure coefficient with body width for four
selected longitudinal stations and for angles of attack from 0° to 8°
are given in figure 12. These plots, together with those for longitudinal
stations not presented, were Integrated to obtain the local normal-force
coefficients for the bodles. The variation of pressure coefficient with
radial angle for four selected longilitudinal stations and for angles of
attack from O° to 6° are presented in figure 13 for the NACA RM-10 body
and are compared with the predictions of slender-body theory. Similer
data for the body with elllptical cross sections at O° angle of attack
are given in figure 1kL.

The longitudinel distribution of sectlon loading parameter cpK 1s

presented in figure 15 for the four body configurations at angles of
attack of 2°, 4O, 6°, and 8°. Integration of the curves of figure 15
yilelds the total normal-force coefficient as obtained from the pressure-
distribution tests; however, sufficlent dats were avallable only for the
NACA RM-10 and for the body with trlangular cross sectlons, and these
values of Cy are compared in figure 16 with those obtalned on the bodies

from force tests.
DISCUSSION OF RESULTS

Although no detailed discussion of the results of the investigation
will be attempted iIn this pasper, the results of most Interest will be
briefly pointed out in the paragraphs that follow.

The results of the force tests of the bodles are summarized in the
followling table:

b Wt 2mi st
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¢ C cy [C ¢ e
Body I:a S 13 Ll D L_/_ D

(@ =0°) | (e = 0) | (cg, = 0.2) | (Cp, = 0.%)
NACA RM-10 1 0.0%323 0.086 1.88 2.83
Trianguler (upright) .O460 .118 1.38 2.16
Trisngular (inverted) 0460 .118 1.59 2.63
Elliptical (vertical) .0217 O 1.43 —

Tt is interesting to note that the body with eircular cross sectlons
(NACA RM-10) has the lowest drag. Slender-body theory (ref. 8) predicts
lower wave Arag for the body with elliptical cross sectlons than for the
equivalent body of revolution, although the difference is small for the
bodles considered here. TFor the test condltions reported herein, it is
estimated that the skin-friction drag is about 7O percent of the total
drag and if the skin-friction drag 1s subtracted from the total dreg,
then the remainder of the drag can be considered as Indicative of the
wave-drag leével for each body. These remalnders agree within L percent
for the ellilptical- and clrcular-cross-section bodies; therefore, 1t is
felt that the tests agree with the slender-body theory to the extent that
the differences In wave drag between the elllptical- and circular-cross-
section bodles are small.

Above a lift coefficient of 0.15, the inverted body with trlangular
crogs sections had the highest values of 1lift-drag ratio of the noncircular
bodies tested, and, at Cp, = O.%, this value was only T percent lower than
that of the NACA RM~10 body. (See fig. 7.) These larger values of lift-
drag ratio of the inverted body with trilangular cross sectlions are a result
of the relatively low drag rise with increase in 1ift, even when comparilscon
is made with the NACA RM-10 data. It should be noted that had force tests
been made on the elliptical body (norizontal) 1t probably would have
attalned  the hlghest CL/CD values because of an improved lift-curve

slope. This improved lift-curve slope is indicated for the elliptical
body (horizontal) in the section-loading curves of figure 15. The use

of cross-flow theory (ref. 9) improves the correletion between the cal-
culated and experimental aerodynamic characteristics of the NACA RM-10
over that obtained wilth slender-~-body theory, as expected; however, the
agreement is poor throughout. (See fig. 4.) The minimum drag coefficlents
of the NACA RM-10 and of the body with elliptical cross sectlons are over-
estimated by 15 percent and 12 percent, respectively, by the slender-body
(potential) theory end this is due meinly to the assumption of a turbulent
boundary leyer over the entire length of the body in calculating the skin-
friction drag.

There are significant differences in the sectilonwise distribution of
statlc pressures among the different cross-section shapes investigated
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near the nose of the bodies (see fig. 12); however, at & given attitude,
these differences become less pronounced with increase 1n dlstance along
the bedy from the nose. In general, the body with elliptical cross
sections and with the major axis horlzontal has a pressure distributlion
which i1s rectangular in shape, the NACA RM-10 has an elliptical dilstril-
bution, the body with triangular cross sectlons has a trisnguler distri-
bution at the outer edges, and the body with elliptical cross sections
and major axis vertical has a triangulsr distribution. The effect of
incressing angle of attack is to emplify these differences in pressure
distributions for longitudinal statlons ahead of the maximum thickness
of the body (fig. 12).

The agreement between the pressures predlcted by slender-body
(potential) theory &nd those obtained from the experiments is good near
the nose at zero angle of attack for the NACA RM-10 and for the body with
elliptical cross sections; however, the asgreement is poor for stations
near and reasrwsrd of the maximum thickness. (See figs. 8, 13(a), and 1k.)

A comparison of the normal-force coefflcients obtained from force
measurements with those obtained from pressure-distribution measurements
shows good agreement for the NACA RM-10 but only fair agreement for the
body with triangular cross sections. This fair agreement of the data
for the body with trienguler cross sections results from the uncertainty
in the falring of the sectionwise pressure distributions especially at
the outer edges of the body.

Iangley Aeronautical ILaboratory,
Nationel Advisory Committee for Aeronautics,
langley Field, Va., April 3, 1956.
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TABLE I.~ PRESSURE COEFFICIENT DATA FOR RM-10 EODY 180°
(a) Positive angles of attack
270" 90°
- Oo

a, |Station, Radial angle, 6, deg

deg x/L 90 120 150 180 210 2o 270

0.1 0.137 0.036L 0.0L05 0.0373 0.0343 | 0.0360 0.036L 0.0317
<273 - L0161 .0182 0191 ~0152 0178 .0186
.L10 «0009 .0028 Wols Iy .005l L0050 Loohl —
i) —.0062 | -.0088 ~.0088 -.010% -.0107 -.0152 | -.008L
.683 -.0204 | —.,011 | -.0156 | -.0152 — -.0167 ~.0195
»819 ~.0229 ~.02l46 —0246 | -.0191 | -.0195 -.0248 -.0219
»956 -e0223 | ~.0223 | —.0221 | -.0219 -.0201 | —-.0227 —.0206

2.3 «137 <0347 .0313 .0227 L0197 .021L <0270 .0300
<273 — .0096 .0107 .0107 L0077 L0111 .0163
410 —-.000 -.0051 - 008k -.0051 —.0051 —.0039 -
«5L6 =012 | —-.0137 -.0081 | -.0107 —.0090 | -.0206 | -.0150
.683 ~.000h -.018l -.0193 -.0176 — -.0197 -.0184
819 -.030 | -,0257 -.0227 | -.0210 | -.0231 | —.0270 | -.0287
«956 ~.0240 | -.0193 -.0171 | -.0163 ~.0167 -0201 | ~.0219

he2 .137 .0291 .021h L0137 .0120 ~012L 0176 .0236
«273 - -.0017 | -.0009 | ..0004 | -.0039 } -,0013 | —.009L4
410 -.012 | -.0150 | —.0077 | —.00%6 ~.0081 | -,0146 —
e blib -.0176 | =.018L4 | —=.0111 | —.0150 | ~.0099 -.0274 | ~.0219
+683 -.0081 | -.0270 } ~.0227 -.0206 — -.0300 -.0317
.819 ~.0403 -.0291 } -.0240 | -.021)y | ~.0240 -.0309 | -.0403
«956 -.0399 | =.0279 -.0219 -.0167 | -.021); | -.0240 | -.0279

6.2 «137 <01l L0011 ~.002) —~.0024 ~.00L9 -.0028 -.0088
«273 —_ -.0152 —.0066 t -,0045 ~.0101 | -.0139 —.0075
Lo ~.026 | -.023} -.017h | -.0139 ~.0178 -.0281 _—
«5hé ~.0390 | -.0351 | -.018)4 | -.0231 | -.0189% | -.0h12 | -.0L5L
.683 -.0360 | —.0369 -.0309 -.0270 —_— -.0l16 —.05LL
819 ~e0591 | ~.0381 | -.0356 | -.0261 | —-.0360 -.0381 | -.0634
+956 -.0351 -.0339 -.0382 ~.0231 ~.03L3 -.033L -.0347

8.3 J137 L0047 —.0116 | —.0080 § -.0036 | -.0090 | -.0148 -.0013
<273 _— -.0326 | -.0156 | -.012h | -.0180 ! —,0304 | -.0176
L0 -.0l20 —.04L37 -.0270 -.0219 -.027% -.0L63 —_—
+5L6 -.0617 ~.0429 ~.0283 -.0227 -.029L | ~.oL8lL -
683 - 0561 -.0416 -.0l20 -.0266 —_ -.0435 -.0767
819 -.0531 | ~-.0L67 -.0531 | -,0334 | -.0510 | -.,0L47L -.0572
«956 -.0L05 -.0456 -.05h6 -.0L05 -.0l65 -,0L18 -.0381
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TABLE I.- PRESSURE COEFFICINNT DATA FOR R-10 BODY 180°
(b) Negative angles of attack
270° 50°
6 =0°
a, Station, | _ ‘ Radial angle, 6, de‘;_g.

deg x/L 270 300 330 o} 30 60 90
~0.2 0.137 .C3Ls5 L0401 L0371 .0345 .0362 .0375 .0319
273 —_— .0161 .0182 .0191 .0152 .0178 .0186

2410 .0006 .0028 L0045 .005) L0054 .0032 _—
546 008 | =.0090 | —.0094 | -.0111 | -.000h ~.0163 ~.0090
.683 -.0009 ~.01L6 -.0159% —.0154 —_ -.0167 -.0197
.819 -.0236 | -.02L49 ~.02)9 -.0240 | -.0210 | -.0236 | -.0223
2956 -.0223 -.0223 ~.0223 -.0219 ~.0206 | —.0227 | —.0209
~2.1 .137 .0334 LOL67 .0,88 .0501 «0493 -0l33 0296
273 —_ .0201 .0309 .0339 027 .0219 .0150

410 .0030 .0026 .0094 .0129 + 0099 L0030 —_—
«5L6 -.0103 ~.0056 1 -.0017 —.0009 -.0021 | -.0150 | -,0137
«683 -.0219 -.0210 | —-.0201 | -.0180 _ -.0236 | —-.0249
.819 -.0261 | -.,0270 | -.0253 -.0227 -.0249 ~.027 ~.02l)y
.956 -.0253 —.0300 ~.0300 | =.0291 | -.0279 —.0291 | -.0291
-1 2137 L0249 LOLTL .063) .0686 L0626 LOLTh ,0208
273 _— L0219 0437 .0508 .0396 .02440 +0090

410 —.0120 .0039 .0208 .0283 .020) .0039 —_—
.5h6 ~.02)2 -.0120 .0036 .0088 .0019 -.0216 | -.0281
683 -.0319 ~.0255 -.0156 | -.0081 — ~.028h | -.0311
.819 - 01437 -.0384 | -.0255 | -.0195 | —.027h4 { —.0399% -.0L03
0956 -.0309 -.0l337 -.0360 -.0296 —.0360 -~ 041y —-.0231
~646 .137 L0169 .0506 .0803 L0869 .0780 L0530 0129
2273 —_ .0219 .0579 L0698 .0536 «0201 -.0039%

410 -.0257 .0009 .0300 20L2l .0281 — —
.5h6 -.0328 —~.0161 L0096 .0186 .0075 | -.0255 | -.0377
.683 ~.0506 -.0291 | -.0088 .0017 — -.031 | -.0LB86
819 -.0593 ~.0l495 -.0276 ~.0191 ~.0300 -.0527 -.0538
0956 -.0321 | -,0589 -.0360 | -.0257 | <.0399 -.0548 | -.0283
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TABLE IT, — PRESSURE COEFFICIENT DATA FOR TRIANGULAR BODY

13

180
(a) Positive angles of attack
2700 909
8 =0°
a, {Fation i Radial angle, 9, deg
deg] x/L| © 16.5 | 30.7 | 48.h | 66.3 | 86.2 |11l | 1hh.2| 162.4 | 180
0.1 {0.137 | .0283| .0302 ] .0206} .0343| .0279] .0328| .0317f .O3h7| — .03391
273 | ol — L01h8 ) 00661 L0191) .O161| L0159} .OM78| .0223) .0231%
«5h6 — | =.0161 — — | =.0054}~-.0077 ) =.0090} -.0137 | -.0137| —.0030
683 |-.0208 | -, 020 [ ~.011, | -.0203 | .O118) .0206} -.0135} -.0133{ —. 0137} -.0150
#0819 |-.0240} ~.0212 | ~.0212 — 1 =.0216} -.0221 | -.023L | =.0219 | =.0223 —
.956 |-.0229 | ~,0227 | =.0225 | ~.0165 | ~.0208 | ~.0216 | —.0219 { -.0227 | -.0238] -.0212
2.1 137 | 0433} JOLs6| .ohhs| L0330 | .0169) L0219} .0216| .0208) .02h9) .0159
273 | 0249 C— .02h0{ 0047 | .0079% .0060} 0056 .0081] L0118} L.OOSC
She | — | -.0081 —_ — | =.01224-,0135|-,0135 | -.014} | -.0}39 | —.0129
«683 |=.0212 | =, 0201 | ~.00811 ..0096 | .0122] .,0212] ~.0126} —.0159 | -.0176] —.0174
819 |-.0272 | -.0255 [ ~.0236 — | =.02574 -.0255 | -, 024} | -.0210 | -.0212 —_
+956 12,0313 | —=.0309 {-.0291 1 -,0279 { —.0257 t —.0246 { —,021,0 } —.0227 | -.0197 { —=.0LTL
h. 14 . 137 o0673 006911 - 0&6 .0339 . 0109 00197 . 0181-1 o0195 -_— 00133
273 | 0456 —_ 0435} 0079 | .OQk3} .OOLT} .0036] .0 L0056 0026
516 —_— 000l —_— — | =s0165}) ~,0126} ~.0129 } =,0159 } =.,018} } —=.0126
+683 }=.0131 | -.0126 | -~.0006] ~.0359 | .0135% .0225]—-.0201!}-,0195}-.018L} —.0195
.819 |{-.0302 | -.0291 { -.0306 — | =.0317) —.0287 | —~. 028} | —.0236 | —.0208 —
«956 {=.033h | =035 } ~,0330{ ~.0382 { -.0315} —-.0306 | -.0279 | ~.0227 | -.0180 { —.0146
6.5 137 | O90Lh} 0921 L0895} .0210| —.00L7! .0060} .008h | .0066 _ .000L
273 | 0673 —_ . <0019 | —.0167 § —.0073 | —.00U3 | =40011 | —. 0009 } -.0017
546 —_— L0124 — — | =032} ~,0253 { —=.0214 | —=.0208 | -.0253 { ~.0191
L «683 | =.0077 | =.0088 | 0103 ] -=.0403} .0126] ,0216}| -.028% }~.0253} ~.0229 | —,0236
.819 1-.0236 | —=.02l)s | ~.0283 — | - 0463 - 071 | -.0398 § ~.0287 { -.0231 _—
0956 § —=.0L39 | = OUS8 } ~. 0459 | ~o0585 | —.Oh61{ —.OU9T | —.0L97 | —.0296 § ~.0189 | —.012)
8.3} .137{ .1185}) 1198} .11h8} 0129} -.0195] -.0002} .0019 | .0O3h — |-.0002
2731 L0902 — .08333 L0026 -.0309] ~.01h8 | -, 0109 | = 0090 § —.0071 } =. 0079
546 —_ .030L — — |} =.05L48] —~.0U97 | -.03L5 §—.0291 } —.0236 | =,0186
26831 J0077f 00561 0274} —.0578{ —.040T7} ~.0369 { ~.0369 [-.0246§ ~.0216 | -.0216
819 { —-.0131 | -.0Llfy | —020h ] — | -.0602] ~.070L | ~.0688 | -.0276] —.022% _—
«956 | —~,0384 | -.0h09 {-.0L52 F~.0701 } —.0581] -.0589 t-.0808 |-.0h50 § —~.0195 | -.0133
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TAELE II.- PRESSURE COEFICIENT DATA FOR TRIANGULAR BODY 180.
(b) Negative angles of attack
270° 50"
0=0
a, | Station Radial angle, 6, deg
deg] x/L 0 16.5 | 30.7 | WB.li| 66.3 | 86.2 | 11l | k.2 262.h | 180
0.1 [Q.137 0283 .0302 L0296 <0343 0279 0328 L0317 <0347 0339

273 | o141 - L0148 | 0066] 01911 L0161} L0159 | L0178 | .0223 1 .0231

— |=.016 —_ e | =o00S4 | =e00TT | =e0090 | =4 0137 | - 0137 | =.0090
«683 | =.0208 | =.020) | =011 | -.0L03| LO118] 0206 | =e0135 | =0133 | =.0137 | -,0150
o819 [=.0240 | -.0212 | -, 0212 — | =s0216} ~.0221 | . 0234 | —=.0219 | —.0223 -1
0956 | ~e0229 | =.0227 | =e0225 | =0165] =.0208 | =.0216 | =.0219 | —. 0227 | ~.0238 | ~.0212

~1.9 | .137 | .0159| .OL7r| L0163 | .0261{ LO317| .0390| .0398| oLkl —_ L0561
«273 1 .OOL9 —_— .00L9 | -.0021{ .0171| .O18L| .O21h}| ,0257] .0300| .0390

+Shé — | =.0189 —_ — | =¢0103| ~e0069 | =+e0056 | (0090 | =, 0069 0
2683 | —oOLTL| —.0162 | ~.0167 | —.OLTh| =.0227] =, 0167 | =.0L76 | —,0L65 | =.0163 | =.0165
«819 [ =.0229 1 —.0231 | -.0225 — | =.0302| ~.0242 | ~.0238] =, 023} | —.0221 —
956 | =2 0195 | —.0199 | ~.0216 | ~.0249| -,0326] ~,0330 | ~,0328 | —,0315 | -,0285 | -, 0255
~3.9 | <1371 L0066} L0075 .0060} .0118f .0317{ .oh22!| .oLS6} .0521 —_— L0754
2273 | -.0028 — [ =.00h9 | -,0184] .OL6L| .0238 .0287| .0339{ .ohos| .0S55

— | =017k —_ — | =00199| —.0105 | =008l | -.0071 | —=.002L | L0109
+683 1 ~.0225 | ~.0225 | ~. 017k | —=.0296] —.0319 | —40186 | ~.0152 | —.0133 | =,0231 | —~.011L
«819 | =.0270 | -.0283 { —-.0317 — | =.0L63] =.0339 | —=.0296} -.0236 | —,0193 —_—
$956 | ~.0266 | =, 0266 | =.0292 | =.0261] —.0381} =.0373 | =.0369 | -.0356 | =.0317 | ~.0261

~5.8 | +137}{-.0032} ~,0028 | —,0051{ -,0090 .0321} .0ho9| .0568! .04 —_ .
«273 | ~.0103 — | -.0163 | -.0366} .007L| L0251 | .0349| .oh3s | .0553 .332?
— | =024 — — | =s0249} ~.0058 | =,0009}{ —~,0013 | .0017{ .020k4
+683 1 -.0296 ~,0281 | ~.031L7 | 0394} =.0L58 | -.0208 | ~,0111 | —,0062 | -.00561 .0009
<819 | -=.0351 | -.0369 | =.0437 — ~.0583} ~,0358 | -.0294 } —,024) | -.0210 —_
956 { —.OLL6 | Q50 | =033 | =e0315} —.0392 § -, 0416 | ~.0388 | —.0347 | -.0306 | -, 0227
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TAELE 1I1I.— PRESSURE COEFFICIENT DATA FOR ELLIPTICAL BODY. 180"
MAJOR AXIS VSRTICAL

270° 90°

o= 0
a Station| Radial angle, 8, deg -
deg| x/L 0 10 20 L5 90 180 190 200 225 270

0.1} 0,137} .o439! .oho3| L0371 | .O31L{ .0268 | .oh1l| L0364 | .0373| .0296} .0276
.5L61 . 011l — | ~e0066 | =e008L | ~0105 | —o0111 | ~e0090 ] ~,0135 | =.0107 | —.0079
#8191 —.0178 | =.0219 | ~.0227 | 40199 | =.0221 | ~.023h | =+0234 | —.02146 | ~.0255 | -,0216

2.6) L137F 06131 ,0525| 0463 | <0351 .0279 | .0259) .0257) L0279 ] .0253 | .0268
SL6 | ~.002] — | ~.0006 | =.0088 | 40139 | —=.0096 | ~.0077}| -.0120 | —.0239 | -.0126
o819 | =e0171]| =.0210 | =.0219 | =.0240 | =.0270 | ~.0210 | ~.0212| ~.0238 | -.0272 | -.0266
L.3} .137! .o840} .0688) .0576| .0371}| .0270) .OXTL| .0O180f ,O197| .0210; .
SLh61  L00L9 —_ .0015 | -.0092 | ~.0131 | ~.0135 } ~.0128 | —.0182 | ~.0212 | ~.01&9
819 | —.0206 | —.0251 | -.027h | =e0291 | —.032]) | =.0212 | =021 | =.02U42 | —~.0315 | -.0309

6.3} o137} .1116{ .0829 | .0634| .0351} .020h}{ .OOLS| .OOShi{ .0056% .Oo9L{ OLLS
5h6 | L0129 — «0039 | 40118 } =.0216 | =o0195 | ~. 0197} =.0259 | =030k | ~.0296
o819 | =.0212 | -. 0268 | =.0309 | =.0360 | =.0L33 | ~.0238 | —0249 | -.0272 ] —.0405 | —.0L22

8.21 137! J132h| .1005§ .07564f .037r} .0189| .00L45| LOOhT| L0028 0080 ) L0080
«5h6 1 0306 —_ #0111 | -, 01N8 | =,0311 | =, 017k | ~.0186| —4023L | —.0300 | ~403770
«819 {-.0101 { —=.0191 | -.0296 { -, 0420 { =.0506 | -.0281} ~.0283| -.0300] -.0L20 | =.0506
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TABLE IV.~ PRESSURE COEFFICIENT DATA FOR ELLIPTICAL EODY.
MAJOR AXIS HORIZONTAL
180
o=0°
ay |Statim Radial angle, 6, deg

degl x/Lf o0 315 250 280 270 50 100 110 135 180
0.110.137 | 02hL} .0294} 0377} .O39L | OLLT| 03961} .0356| L0377 .O0317! L0294
«Sh6 | =.0092 ] —-.0088 | ~.0032 — | =e0060 | =.008h | -.0062 | =,0088 | -, 0111 | —=.0088
«819 {=.0210| ~e0210 | —=e0219 | ~.0206 | —oOLTL | ~e0223 | —.0238 | ~. 0246 | - 02kl | -.023]
2.6F ,137 | .ohs0| L0506} 0529} .0519 | .oho9{ L0261 .o2li} .0208| .O141] .0133
o546 | =e0041 ] ~.0077 | -.0017 — | =.018L | -.0208 | =.0169 | ~,0133 | —.012} | —.011)
819 |=.0270] ~.0279 | —.033L | ~.0358 | —.0210 | =.030h | =.0266 | =.0246 | ~.0227 | —~.021)
he3 | o137 | +0630] .0683] 0602 .0533} .0225| .0073] .003h | .OLOL| .o062f .0O&L
oSh6 § 06| L0051 ) -.0017 — 1-.030) | -.0370 | -.0287 | =.0219 | —.0269 | —=.0159
o819 [=.0223 | =c0259 | =.0U26 | =e056l | =.035h | =e0392 | =.0362 | -.0369 | —.0255 | ~.0223
6.3 | 4137 | 0877 .0895| .O73L| .0553 | .00Qk {-.0221 | -.0330 | -.0118 | —.0092 | —.00&9
5L46 | J0251) L0195 | .0006 — | =e0692 | ~.078 | —~.OLET | —.OhO5 | -.0304 | ~.0219
e819 |=e0096 | =o0135 | ~eOL6T | =e0778 | =e0L456 | ~ 099 | =. 050N | =00587} ~.0328 } —.02L0
8.2 | 0137 | 111271 .2099| .0S0L | L0611 {=.0197 |—+0h18 | ~.0651 | ~.0302 | —.0249 | ~.0096
W56 | JOLTEY L0399 1 L0090 — 1 —=.0662 | =.0806 | =.0613 | -.0645 | =.0452 | - 0251
<819 | LOON7 }—=.0039 |-.0409 }-.0786 | -.0L95 1 <.0579 { ~. 0587 | =+0600 | —.0581 | —. Q437

A
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Parabolic-arc  profile; r=(2-x/9)}x15
L .
- oI _ - E—

14.65 1

(a) BRM-10 body.

—_
| _ |

14.65 ,

(b) Elliptical body.

14.65 ,

(c¢) Triasngular body.

Figure l.- General arrangement of bodles tested. All dimensions in
inches.
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RM-10

X r

o 0

2 0237

4 415

6 533

8 5925

9 600

10 5925

12 333

14 415
1465 3635

Elliptical

X a
o] o] o}
2  0.33%5 0.675
4 587 2935

Elliptical body (horiz) 6 755 3775

8 .838 419
=] 849 4245
10 838  4I9
12 755 3775
14 587 2935

14,65 514 257

Orifice locations

Elliptical body (vert) -
Triangular

X f o} h w
o] o] o] o] (0]
2 0.l13 0.221 0661 0244
4 .les 386 1.158 427
3] .255 496 1.488 549
8
]

.83 55/ 1.653 610
.287 588 1674 61T
10 .283 55 1.653 810
12 255 496 1.488 548
14 .le8  .386 [.i58 .427
1465 .74 338 1.0l14 374

o
4

Triangular body

Figure 2.~ Cross-section dimensions of bodles tested. All dimensions
in inches. -
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(a) Plan view.

Figure 3.- Photographs of bodies used in pressure-distribution tests
showing, from left to right, the elliptical-, circular-, and
triangular-cross-section bodies.
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2 @L
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@@ —+ T
. o Hﬂl ___’_i:;—_ 4
m @l | i
™~
q -
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— ----- Slender-body theory

&— —-— Cross—flow theory, ref. 9
5

N
™

. T
c. o

=3

5

(a) Varistion of C, and Cp with «.

Figure 4.- Force measurements of NACA RM-10 body. M = 3.12
R = 29 x 106.
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=
CL/CD 0 )g@ﬂ/
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-l g
©
e
-2 | g8
5 N e Slender—body 'Theory .plus
@f turbulent skin friction
2 Cross—flow theory, ref ©
4
20
16

wﬁ\ Q)
o8 P —Be—o
04
0
-0 -8 -6 -4 -2 0 2 4 6 8 10
a, deg

(b) Variation of Cp amd CrpfCp with a.

Figure 4.- Concluded.
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40 6 4 2 0 2 4 6 8 10
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(a) Veriation of C1, and Cp with a.

Figure 5.- Force measurements of trilanguler body. M = 3.12;

R = 33 x 10°.
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.08

.04

(b) Variation of Cp and Cp[Cp with a.

Figure 5.~ Concluded.
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Figure 6.- Force measurementa of elliptical body with major axls vertical.
M = %.12; R = 29 x 105,
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Slender-body theory (ref. 8)
plus turbulent skin friction
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a, deg

() Variation of Cp end Cr/Cp with

Figure 6.- Concluded.
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24
~
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20 =
- //
Cp —F
Co 16 ] S
/"/ ,/
/’/ //
12 )/f// gd - /
_:/ L Body
L —RM-10
o8 -----Triangular, upright
—-—Triangular, inverted
—--—Elliptical (vert) 4
-4 //
3
IS o — ¢ /g
/ L - -
CL CD e —= 2
//V// ”
F |
0
8 4 /’,,1
/ //
6 L/ L] //
// /
- 1
=] / 7 L~
'g- 4 / /
=} / Ay -
L
2 7
N -
oO | 2 3 4 5 6 7

CL

Figure T.- Variation of a«, Cr[Cp, and Cp with Cp for four body
configurations. M = 3.12.
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RM-10
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02 E\ ° 5
-04 i J Body ]
e RM-IC

¢ Elliptical (vert)

06
‘ J < _Elliptical (horiz) Dj:D

04 ™~ —— Slender-body theory, refs. Sond 8
I~ B, 0°and 180° '
0z 37N\
N
S
P 0 <]
Elliptical body (vert)}
Y 4
<02
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N
-04
04 =
I— o\\l\
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N
P 0 - \‘
Elliptical body "(horiz.) N
\ o
-02 2] T
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©&% T 2 3 4 5 o 7 8 9 o o
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Figure 8.- Variation of pressure coefficient with longitudinal positidn
along body for three body configurations. oy = 09; flagged symbols
denote pressure coefficients at 6 = 1809 M = 3.12.
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o] | 2 ) 4 5 6 7 8 9 1.0
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(a) leeward side; 6 = 80°.
10 ’
Slender-body theory for RM-10
Body
08 4 © RM-10
~ A Triangular
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&
AN
04 2
02 @\
P w:
o]
<%
02 \\\\\\ %
\\ s N
-04
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o] ! 2 3 4 Ro) 6 7 8 9 1.0
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(b) Windward side; 6 = O°.

Figure 9.- Variation of pressure coefficient with longitudinal position
along body for four body configurations. aqy = 4o; M = 3.12.
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(8) Leeward side; © = 180°.
— Slender-body theory for RM-10
12 -Body
& © RM-I10
A Triangular
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’ \ < Elliptical {horiz)
N .
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06 <
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02 [9]
<>
0 Jo!
A
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-04
Y
™~
\\
06 .
(e} 2 3 4 .5 13 7 8 ~ 9 1.Q
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(b) Windward side; 6 = 0°.

Figure 10.- Variation of pressure coefficient with longitudinal position
along body for four body configurations. ay = 605 M= 3.12.
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(b) Windward side; 6 = Q°.

Figure 11.- Variation of pressure coefficient with longitudinal position
along body for four body configurations. ay = 8% M = 3.12.
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Flgure 12.- Varilation of pressure coefficient with body width gbout the
plane of symmetry for four longitudinal locations. M = 3.12;

R = 29 x 10°.
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Figure 12.- Continued.
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Figure 12.- Continued.
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Figure 12.- Continued.
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Figure 12.- Concluded.
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Flgure 13.- Variation of pressure coefficient with radisl pogition for
four longitudinal locations on the NACA RM-10 body. M = 3.12.
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Figure 13.- Continued.
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(a) Elliptical body (major axis vertical).

Figure 1k.- Variation of pressure coefficient with radial position for

three longitudinael locations on the elliptical body. ay = 0%;

M= 3.12.
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Figure 15.- Variation of sectlon loading parsmeter with longitudinal
location for four body configurations. M = 3.12.
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